The corrosion performance of zinc in 0.5M HCl in the attendance of organic compounds has been examined using AC impedance (EIS), electrochemical frequency modulation (EFM), potentiodynamic polarization (POTENTIODYNAMIC POLARIZATION) and weight reduction (WR) techniques. The protection efficiency (IE) improved by improving the organic compound concentrations and decreased by raising the temperature. Polarization results revealed that these examined compounds act as mixedkind inhibitor and they adsorbed on Zn surface obeying isotherm of Langmuir. The surface examination of protected Zn was evaluated by SEM (scanning electron microscope), AFM (atomic force microscopy), EDX (the energy dispersive X-ray spectra), and FTIR (Fourier transform infrared spectra). The results of electrochemical and non-electrochemical tests were in excellent agreement.
INTRODUCTION
Corrosion is an important process playing significant role in safety and economics ‚ mostly for metals. A corrosion inhibitor is a chemical compound adsorbed on Zn surface to give film in order to isolate the surface of the metal from reaction with the environment or by lowering the ions which attack the metal surface [1, 2] . Zn is one of the good significant non-ferrous metals, which founds wide applications in metallic covering. Zn dissolves in solution with pH upper than 12.5 and lesser than 6, while between pH 6 to 12.5 the dissolution is very lower [3] . Under destructive conditions, Zn metal suffers from corrosion which gives the rust with white color [4, 5] . Lowering the creation of white corrode; the investigation for new inhibitors is important [6] . A noteworthy test to hindrance the metals from decomposition are by adding substances in order to protect the corrosion interaction and lower the rate of corrosion. The majority of the productive corrosive inhibitors are organic compounds that include different heteroatoms like oxygen, sulfur or nitrogen atoms in their construction. The IE ratio of organic compounds is depended on the construction and chemical assets of the film designed on the metals. Organic compounds are used for their efficiencies as corrosion inhibitors and those containing nitrogen have been frequently referred to in the literature [7] [8] [9] . Several organic compounds were utilize as corrosion protection for zinc in different media such as: Meta-substituted aniline-Nsalicylidenes [10] , Schiff bases of ethylenediamine [11] , Ethoxylated fatty acids [12] , Ortho-, meta-, and. para-aminophenol-N-salicylidenes [13] , Ortho-substituted aniline-N-salicylidenes [14] , Pyridine and its derivatives [15] , benzotriazole [16] and so on…,
The choice of these tested compounds is due to: a) are extremely have large molecular weights, and b) include functional polar (such as -C=O, N=N and CN) and multiple bonds (triple and double bonds) and wide connection in the form of aromatic ring among which they can adsorb on surface of metal. The objective of this research is to examine the inhibitive behavior of these investigated organic compounds in the direction of the corrosion of Zn in 0.5 M HCl utilized non-electrochemical and electrochemical test. The surface morphology of the Zn samples was also analyzed.
MATERIALS AND TECHNIQUES

Materials and solutions
The conformation of metal sample in weight % is: Cd 0.52, Fe 0.035, Mn 0.005, Pd 0.18, Sn 0.07 and Zn the rest
Inhibitors
The inhibitors were synthesized in the laboratory according to experimental method before [17, 18] , characterized and purified by IR, NMR spectra and elemental examination before used. All the data of these compounds are recorded in Table 1 . 
Chemicals and solutions
The working anode for (WR) and electrochemical studies were set up from zinc specimens. The aggressive solution utilized set up by dissolution of analytical reagent HCl 37% with twicedistilled water and its concentration was titrating by Na 2 CO 3 . Solutions of 0.5 M HCl set up by dilution with twice-distilled water. 100 ml stock solutions (10 -3 M) of each examined compounds were set up by dissolution of a precisely measured amount of the material in suitable volume with dimethylformamide (DMF), then with absolute ethanol at the point of required concentrations (1 x10 -6 -21 x10 -6 M) were prepare by dilution with twice distilled water.
Techniques utilized for corrosion estimations
Mass loss (ML) technique
The ML tests were completed utilizing square specimens of size (2 × 2 × 0.2 cm) x2. The coins were first made as a mirror by the process of utilizing (400, 800 and 1500 grit size from emery papers), washed by (CH 3 ) 2 CO lastly wash away with twice distilled water and dried previously start weighed and soaked into the investigation solution. The ML estimations was completed in a 100 ml glass beaker set in water thermostat which include 100 ml of 0.5 M HCl and existence of various concentrations of examined compounds. The entire corrosive medium was air open. After this period (3 hrs) of immersion the samples were removed, rinsed, dried, and weighed again. The ML of the Zn sheets then obtained. The % IE and the θ of organic derivatives for the corrosion of Zn were computed from Eq. 
Potentiodynamic polarization technique
Potentiodynamic polarization tests were done in a traditional three-electrode (platinum gauze as the auxiliary electrode (1.0 cm 2 ), saturated calomel (SCE) as reference electrode and working electrode (WE). WE were specimens from Zn sheet of equivalent piece fixed in epoxy resin with an area of 1.0 cm 2 . Before any estimation the electrode surface was pretreated as in the ML tests. Previously estimations, the working electrode was abraded by emery papers of various sizes up to 1200 grit size, washed a few times with twice distilled water and degreased with (CH 3 ) 2 CO, lastly washed several times with twice distilled water and dried. The electrode potential was automatically changed from (--1.5 to -0.7 V vs. SCE) at open circuit potential with a scan rate 1 mVs -1 to obtain Tafel polarization diagrams.
EIS technique
EIS estimations were completed utilizing AC signs of 5 mV peak to peak amplitude and at frequency range of 10 7 Hz to 0.1 Hz. All EIS results fitted to proper proportional circuit utilizing the Gamry Echem Analyst programmer. The (% IE) and (θ) of the examined compounds were computed from the EIS tests using eq. (2) [19] : % IE = 100 x θ = 100 x [1 -(R°c t / R ct )] (2) where R°c t and R ct are the resistances of charge transfer with and without inhibitor, correspondingly.
2.4.4-EFM test
EFM tests achieved by using two frequencies of range 2 and 5 Hz depended on three conditions [20] . The greater peaks were utilized to measure (i corr ), the (β c and β a ) and CF-2 and CF-3 (Causality factors) [21] . Every analysis was completed at 25±1°C, utilizing Gamry PCI300/4 Galvanostat/Potentiostat/Zra analyzer. This computer was used to collect the results by Gamry applications which include DC105 for polarization, EIS300 for EIS, EFM140 for EFM measurements and Echem Analyst 5.5 for results plotting, graphing, data fitting and calculating.
Surface examination
Surface analysis of Zn pieces are done in several test solutions for 24 hours, after abrading mechanically by utilized various emery papers up to 1200 size. Then, after this period of time, the coins were cleaned lightly with twice distilled water, dried and keep in a desiccator until the analysis by (SEM), (EDX), (FTIR) and (AFM). AFM is turning into recognized tests of roughness analysis [22, 23] . Figure 1 shows the potentiodynamic polarization behavior of Zn electrode in 0.5M HCl with and without various concentrations of compound (A). Similar diagrams have given for other derivatives (not shown). The obtained data of electrochemical parameters such as (i corr ), (E corr ), (β c ), (β a ), (θ) and (% IE) were calculated from the curves of ( Figure 1 ) and are verified in (Table 2) for all investigated compounds. The data obtained in Table 2 showed that both the cathodic and anodic reactions are influenced by the adding of examined organic derivatives and the IE rises as the inhibitor concentration improved, implying that the adding of investigated derivatives decreases the anodic dissolution of Zn and furthermore impedes the cathodic reactions. In the presence of these derivatives, E corr was slightly changed, showing that these compounds act as mixed-kind inhibitors that reduce the cathodic and anodic reactions. i corr decreases clearly after the adding of study compound in 0.5M HCl and % IE improve with raising the inhibitor concentration. % IE and the level of (θ) were measured from eq. Figure 2 display the Nyquist and Bode plots of the Zn electrode with and without different concentrations of compound (A) at 25 o C. The same diagrams were given for other compounds (not shown). As the inhibitor concentration improve, the semi-circle diameter rise. EIS spectra of the investigated derivatives were studied utilizing the circuit (Fig. 3) , CPE is produced in the circuit as a temporary of a pure double layer capacitor to obtain a further perfect fit [24] . The C dl , for a circuit containing a CPE data (Y 0 and n) were measure from eq. (4) [25] :
RESULTS AND DISCUSSION
Potentiodynamic polarization tests
(EIS) tests
where ω = 2π f max , f max is the greater frequency and the factor ,n, is a customizable parameter that as a rule lies in the vicinity of 0.5 and 1.0. An increase in R ct refers to rise in the thickness of the double layer that formed by the adsorption of inhibitor [26] . In adding, the data of the (C dl ) lower by the existence of inhibitor in the aggressive medium .Moreover; C dl can be measure from eq. (5):
where δ the thickness of double-layer. For the most part, the lower in C dl data is attributing to the change of the water molecules adsorbed at the Zn surface by the inhibitor molecules having lesser C dl [27] . The parameters obtained from electrochemical were recorded in Table 3 . The sequence of IE given from EIS tests is: A> B > C > D > E. 
Electrochemical frequency modulation (EFM) tests
EFM is a non-degradation corrosion test that can be quickly and directly calculate the current data lacking earlier information of Tafel slopes, and with just a little polarizing signal [28] . The pronounced power of the EFM is (CF) that attends as an internal check on the validity of obtained data from EFM. Figure 4 displays the EFM (current versus frequency) of Zn in HCl solution enclosing various concentrations of compound (A). Similar intermodulation spectra were given for different compounds (not shown). The higher peaks were utilized to measure (CF-2 and CF-3), (β c and β a ) and (i corr ). The CF attained under various test conditions are roughly equivalent to the theoretical data (2 and 3) proving that the calculated data are confirmed and of best quality. The IE EFM % increases by raising the inhibitor concentrations and was measured as in eq. 
Mass loss (ML) tests
The ML of Zn coins in 0.5M HCl solution without and with different concentrations from the studied derivatives was measured after 3 hours of inundation at 30 ±1°C. Figure 5 shows this for composite (A) as an example. Alike diagrams were give form other compounds (not presented). Obtained values of %IE are given in Table 5 
Influence of temperature
It was establish that the IE lower with raising temperature but at lower rate than in unprotect solutions with increasing the concentration of the inhibitor, as displayed in Table 6 , also the value from (Table 6 ) for compound (A) indicate that %IE decreases with increasing the temperature. Similar Tables were given form other compounds (not shown). Figure 6 shows the variation of IE of compound (A) with various temperatures using different concentrations of compound (A) for Zn corrosion. The decrease of % IE with improving the temperature designates that these compounds are adsorbed physically on the Zn surface. The energy of activation (E which the value of ΔH * and ΔS * are measured and also verified in Table 7 . Typically, the enthalpy of a chemisorption process reached (100 kJ mol -1 ) [33] . The increase in the (ΔH * ) in existence of the inhibitors means rise in the height of the energy barrier of the corrosion procedure to magnitude depends on the concentration of the compound. The values of ∆S * are negative; this show that the activated complex in the rate-determining step signifies an association rather than dissociation [34] . 
Adsorption isotherms
Attempts were ready to fit (θ) qualities to dissimilar adsorption isotherms; it is obvious that the data of (Ө) rise with raising the concentration of organic compounds. By utilizing these data of surface coverage, for applied various isotherms to obey with experimental value. Langmuir isotherm found to fit the experimental value. The mathematical expression of Langmuir had given as follows [35] [36] .
C/Ө = 1/k ads + C (8) where, K ads is the adsorption equilibrium constant. Diagrams (C) against (C/Ө) of organic derivatives at different temperatures is shown in Figure 9 . This relationship was linear, the intercept equal to (1/K ads ) and slope nearly to unity, alike plots were gotten form other compounds (not displayed). Table 8 shows the influence of temperature on adsorption for examined compounds; the data of K ads and ΔGº ads are calculated. The data obtained of K ads and ΔG• ads are obtained in Table 8 Table 8 . The data of ΔG°a ds are negative sign and increase as the % IE rise which indicate that these examined compounds are adsorbed on the zinc surface spontaneously. Usually, data of ΔG°a ds up to -20 kJ mol -1 are physical adsorption while those more negative sign than -40 kJ mol -1 are chemisorptions [37] .
Thermodynamic data such as ∆H°a ds and ∆S°a ds can be measured from Vant't Hoff equation [38] expressed by:
(10) Figure 10 displays the plots of log K ads vs 1/T. This plot is straight line with slope (-∆H°a ds / 2.303R). values of ∆H°a ds and ∆S°a ds were calculated using eqs. Table 8 , which can elucidate the mechanism of corrosion protection [39] , an exothermic adsorption procedure (ΔH o ads < 0) may be either chemisorption or ads 1 kJ mol -1 , lead to the adsorption mechanism of the examined inhibitors on zinc in 0.5M HCl solution includes both chemisorptions and physisorption [40] . The parameters point near both physisorption (main contributor) and chemisorptions (slight contributor). Negative sign of ΔS o ads showed that decreasing in disorder of corrosion process on Zn surface in 0.5M HCl using organic compounds as corrosion inhibitors (Table 8 ) [41] . 
(AFM) analysis
AFM is a very significant test for determining the roughness of a sample surface at a great resolution in the order of fraction of nanometer [42] . The three-dimensional (3D) of AFM images appear as shown in Figure 11 . The average roughness Ra can be distinct as the average variation of all points' roughness profile that is calculated from a mean line. Rq is the average deviations that are measured from the mean line. The average roughness can be measured from AFM image. Sa sensitive to large and slight high deviations from the mean. Table 9 contributes the conforming average roughness Sa data. A comparative view of the above roughness Table clearly creates that the surface of the zinc is smoothened due to the adsorption covering formed due to active site in the inhibitors [43] . It is clear that Zn surfaces help and strong corrosion attack in the blank coins. It is significant to stress out that when the composite is existence in the HCl solution, the image of Zn is quite unlike from the preceding one, and the coins surface was smoother. Because the adsorption of the examined compounds on the surface of Zn and create the passive layer in order to block the active center existence on the Zn surface [44] .
3.9-SEM test
3.10-EDX tests
The EDX were employ to measure the elements existence on the zinc surface and afterward 24 hours of produce in 0.5M HCl acid with best concentration of inhibitors (A-E). Figure 13 , provides the EDX measure of Zn in 0.5M HCl existence of 21x10 -6 M of examined compounds. The spectra appearance added lines signifying the presence of carbon (remaining to the carbon atoms of some organic compounds). These values indicate that the carbon, oxygen and nitrogen atoms coated the coins surface for inhibitor (A). Similar data were given for different compounds (not shown). The EDX tests indicate that only, carbon, nitrogen and oxygen were noticed, the percent % weight of adsorbed elements N, C and O existed in the spectra and verified in Table 10 . Table 10 . Weight % of Zn after 24 hours of dipping in 0.5M HCl without and with 21x10 -6 M of investigated compounds (A-E).
Theoretical study of investigated compounds
The reactive capacity of the inhibitor is associated to E HOMO , E LUMO [45] . Greater E HOMO of the adsorbent indicated to greater electron donating capability [46] . Small E LUMO led to the acceptor receives electrons simply. The measured quantum chemical (E HOMO , E LUMO , µ) of examine compounds are recorded in Figure 13 display the adjusted structures of the three studied compounds. So, the measured (ΔE) display reasonably excellent correlation with the efficiency of corrosion protection. Table 11 also indicates that inhibitor (A) takes the lowest total energy that gave compound (A) adsorbed simply and is favored by the maximum softness. It was exposed from Table 11 that inhibitor (A) molecule has the minimum ΔE with respect to the other molecules. Therefore, it could be predictable that compound (A) molecule has more characters to adsorb on the zinc surface than the other compounds. It was noteworthy that the presence of an electron donating substituent such as -OCH 3 and -CH 3 , are more favored than -Cl and -NO 2 group to increase the IE of the inhibitor. 
Chemical structures and corrosion protection
The corrosion protection of Zn in 0.5M HCl solution by some organic derivatives, utilized chemical and electrochemical measurements was examined. These compounds can be adsorbed in a flat orientation among the S, O and N atoms and the type of groups in para position [47] . In addition, the decrease in IE with higher in temperature, the order of %IE of the examined compounds in 0.5 M HCl solution was: A > B > C > D > E. Linear free energy relationships (LFERs) have been utilized to correlate corrosion rate with and without the examined compounds with their Hammett constituent constants (σ) giving indication for IE order. The LFER or Hammett relation [48] is given by:
Log (k rate of corr /k ο rate of corr ) = -ρσ (12) where k o and are k the corrosion rates with and without the inhibitor, correspondingly. ρ is the reaction constant σ is the constituent in para-position, thus (ρ) is a relative measure of the electron density at the reaction center. The sign of constituent's "σ is positive for groups which attract electrons from the reaction center (electron withdrawing groups) and negative for groups which donate electrons. Plot of Log (rate) vs σ and the slope is ρ and its sign designates whether the process is protect by rise or lower of the electron density at the reaction site, the magnitude of ρ led to the relative sensitivity of the protection process to electronic belongings. Fig.14 shows that the examined compounds give a best correlation with correlation coefficient (R 2 ) (0.932). The positive slope of the correlation line (σ = 0.276) shows the reliance of the adsorption character of the reaction center on the electron density of the ring, with electron releasing substituent improving the protection. This is because, in this kind of derivatives, the center of adsorption is link to the ring. Inhibitor (A) has the maximum percentage protection efficiency, this being due to the existence of p-OCH 3 group which is an electron donating group with negative Hammett constant (σ pCH3 = -0.27); this group will increase the electron charge density on the atom and may add an additional center of adsorption to the molecule. Inhibitor (B) comes after (A); this is due to the existence of p-CH 3 group which is an electron-donating group (σ CH3 = -0.17), Also this group will improve the electron charge density on the molecule but with lesser amount than p-OCH 3 group in composite (A). Inhibitor (C) with Hammett constant (σ H = 0.0) comes after (B) in %IE", because H-atom in para position has no effect on the charge density on the molecule. Finally inhibitor (D) and (E) are the lowest in %IE. This is due to the presence of p-Cl and p-NO 2 groups which being electron withdrawing group with positive Hammett constants (σ Cl = +0.23 and σ NO2 = +0.78), depends on magnitude of their withdrawing character. 
CONCLUSIONS
The tested organic compounds (A-E) establish a very excellent protection for Zn corrosion in HCl solution, where IE% increased by increasing in organic compound (A-E) concentration. The reduction in corrosion hindrance with rise temperature led to desorption of the adsorbed organic compound molecules from the Zn surface. An organic compound inhibits Zn corrosion by adsorption on its surface and follow Langmuir adsorption isotherm. Potentiodynamic polarization curves showed that investigated organic compounds are mixed-kind inhibitors. (C dl ) lowered with increase the inhibitors concentration added. While (R ct ) rise. The existence of the protecting film on the surface of Zn was proved by AFM, SEM, EDX and FTIR analysis. The obtained data of IE from the various tests used are compatible with each.
